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1. INTRODUCTION

A computer simulation of a two rate gyro stabilized platform, laser
semi-active seeker Is given here. The seeker, shown in Figures 1 and 2,
is the Wide Field-of-View (WFOV) seeker developed for use in the Terminal
Homing Accuracy Demonstration (THAD) program. A thirteenth order seeker
dynamic model is studied and compared to actual seeker performance. The

method of Chen and Shieh[]] Is used to simplify this model to a second
order system. The simplified model was then compared to: (1) the
thirteenth order model, (2) a contractor third order model, and (3)
the actual system response. The agreement between the responses was
quite good and 1s discussed.

This report emphasizes the digital programs used in this study
since they can be used for a wide variety of englneering applications.
These routines Include a Runge-Kutta numerical analysis method, a
plotter package, a compound polynomial simplification process and a
transfer function order reduction program. A brief description of each
program follows with a sample problem illustration where appropriate.

2.  RUNGE-KUTTA DIFFERENTIAL EQUATION SOLUTION

To obtain the seeker response in the track mode, a fourth order
Runge-Kutta algorithm for the thirteenth-order servo system was used.
Figure 3 shows the differential equation solutlion program for the
seeker. Al) initial conditions of the state variables XN(1) through
XN(13) were set to zero radlans. The program was set up to print values
of the state varlable In degrees every 10 msec using a Runge-Kutta time

increment of h = 10 ' second.

To measure the seeker's tracking rate, a laser radiation source ls
set in a position which Is 3° from the seeker's caged line-of-sight. In
the simulation this angular error (ALOS = 3°) Is iInitlally read Into the
program, Then at time t « 0 the seeler is switched Into the track mode
permitting a track command signal (SAMP = + 2v) to align the sensor head
with the source. At t = 45 ms, SAMP w 0 for a period of 5 ms In &
manner [dentlcal! to the seeker's signal processor. Then at t = 50 ms
the seeker compares the ALOS error to the platform position XH1(1) to
determine whether SANP will be positive or negative. This comparison
continues to occur at 50 ms intervals to update the seeker head posi-
tion,

{1] C. F. then and L. S. Shieh, "A Nove! Approach to Linear Model
Simplification," Int. J. Control, Vol, 8, 1968, pp. 561-570.
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The state equations FX(1) through FX(13) are taken from Figure 2,
and initially set equal to zero. The state equations are deflned as:

x(1) = x

FX(1) = dx/dt

. .

FX(12) = o 2x/dt)2
FX(13) = d'3x/de'3

Drift rates are entered simply by adding a term to the twelfth
state equation such that

FX(12) = 1.€5/3.77 * (-8.58E-3 * X(12) X(11) + X(2) + DRIFT)

Similarly by making changes in the state equations in accordance with
the constants of Figure 1, elther the plitch or yaw response can be
observed. The pitch response will be discussed throughout this report
although both cases were studled and found to be essentlally ldentical.

Pata cards are read into the programs as follows:

1, lP?S - Pulses per second rate of laser illuminator {(IPPS =
20 v

2. N - Order of differential equation (N = 13),
3. ALOS - Angular line-of-sight error In degrees (ALOS = 3.0),

4, TN, H, XNQ1) ... XN{13) - Inttial time (TN = 0), Runge-Kutta

increment (H » 10'“). Initia" state varfable conditions in
radians (XN(1) ... XN{13) are all 0).

These values are printed by the program for reference, as well as

the calculated sampling period (TSAN « ,050 second) for SANP sign
changes.
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3.  PLOT PACKAGE

An easily used plot package Is included In the Runge-Kutta analysis
program to provide a graphic recording of the system response (Figure 4).
This routine provides a neatly labeled plot of up to five functions of
501 points each versus time, complete with grid 1ines and point-by-point
print out of the flrst two functions alongside the graph.

To use the plotter simply call PLOT (Y, M, NF, NS).

Y = the array of data to be plotted, The first function's
data Is in the form Y(1,1), Y(2,1) ... Y(NF,)), with the
second function (If any Is to be plotted on the same graph)
similarly arranged as Y(1,2), Y(2,2) ... Y(NF,2), and so
on with as many as five functions.

M = number of functions per graph (up to 5).

NF = pumber of points per functlon beginning with the
initial conditions (up to 501 polints},

NS = maximum upper limlt of the ordlnate axis.

it Is Important to remember that this routine plots from NS - 100 to
NS (e.g., [f NS = 50 the ordinate |s labeled from -50 to +50; NS = 100
the axls Is from 0 to 100). .

The Inltla) conditlions of the platform output XN1({1) and SAMP
are loaded Into the data array elements Y(1,1) and Y(1,2) early in the
Runge-Kutta program at !lnes 53 and 54, while the remalning values of
these two functions are called Into the plot program by C{KK+1,1) and
C(KK+1,2) at Vines 126 and 127.

The plot parameters used in the Runge-Kutta program are glven as,

N« 2 for the two functions to he plotted varsus time on
the same graph, XN1(1) and SAKP respectively.

NF w 401 for a total of 40) points per functlon.
NS = 50 normally labels the graph from -50 to 450, A

discussion of the use of NS with scaled functions will
be given In the next sectlon.

Some computer sysiems, such as the CDC 6600, may not properly
execute the plot program unless the Y data array dimension statements
are the same In both tha maln program and the plot subroutlne. Further-
more, the Y array may have to be dimanslioned Y(5,501) rather than
v(501,5) depending agaln on the system belng used. Of course any
desired Increase In the maximum number of functions or polnts to be
plotted can be made by simply Increasing the data array dimension
statements In che two programs.
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L, USE OF THE PLOT ROUTINE WITH SCALE FACTORS

Any function(s) may be scaied for clearer graphical display by the
plot subroutine. This requlres the «Imple change of only the plot data
array cards and an ordinate axis labeling card within the subroutine.

A description of the steps used to scale the platform position XN1(1)
follows which serves as a gulde for any scaling that may be desired.

(1) Referring to lines 53 and 126 of the Runge-Kutta program,
the platform angular position was multiplied by a scale factor of 10
to show its relationship to SAMP more adequately. Thus the data array
cards for the initial conditlon and all subsequent values of XN1(1}
become respectively

C(1,1) =10, * XN1(1)
and
C(KK + 1,1) = 10, * XN1(1)

(2) Line 18 In the plot routine was changed to label the ordinate

axis according to the scaled platform function. Normally this line would

read
101 L(1) = 10 * 1 - 110 + NS

labeling the ordinate axis from NS - 100 to NS. However, since XN1(1)
was Increased by a factor of 10, the axls scale had to be reduced by
the same factor. Thus line 18 bacomes

100 L{1) = (10 * 1 « 110 + NS)/10.

which now lsbels the ordinate from (NS - 100)/10 to NS/10. Note that
NS = 50 in the main program since the scaled values of XNI(1) range
from 0° to approximately 30°., The change In 1lne 1R of the plotter
now expands the ordlnate from -5 to +5.

(3) Line 52 In the plot routine rescales XN1(1) to Its orlginal
values for printing along slde the graph. Thus,

Y(N,L) = Y(N,1)2V0,

Note that SAMP was not scaled to a larger value and therafore
does not correspond to the ordinate label. However this Is unimportant
since only the sign of SAMP rather than its magnituda Is of Interest
hare.
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5. POLYNOMIAL SIMPLIFICATION ROUTINE

It is often a long and tedious process to obtain the total poly-
nomial transfer function of rxmplex systems. Many times the simpli-
fication of such systems Is .»ft In a form which 1s a long combination
of polynomial sums and products. The following program (Flgure 5) is a
useful means of executing the addition and multiplication of these
polynomials In order to produce a transfer function of the form

Pa"sp ™4 aps+rp
F(s)_m m-1 ] 0

Qns" + Qn-lsn-1 o+ Qs+ Qg

Let the system transfer functlopr be In the general form of a quo-
tient of two compound polynomials

(A) + Ay + ..+ A, (8)
C, +T2 + )

F(s) =

where Ay, A2 ... Ay, B, Cy, Co ... Cy, D are themselves products of
polynomials and constant factors. For example, A) might be a product of
two polynomials and two constant factors such that

3 2
Ay = KiRylags™ + 21,87 + 8y s +a 0)ay)s + ay0)

The operatlion of thls program is rather straightforward. Flrst the
A polynomials are solved {if any aroe present), then added together and
finally their sum Is multiplied times the B polynomial product. The
resultant numarator Is printed glving the order of ''s" and lts coeffi-
clent, The denominator polynomials are handled In the same manner.

The following sample problem Illustrates the use of data cards for
this program. o

Let

2

Fls) w ——y 5(s" - 263 ¢ 262 45 - 1)(s% 4+ 2)
[(s+ 25 - 3)(s +2) +20(s5 - 2)(s + N]{s® - 35 + 1)
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whare

B = 5(s - 263 4 262 - 1)(s2 + 2)
c, = (s2 + 25 - 3)(s + 2)
C, = 20(s> - 2)(s + 1)

q
D =5 - 35 + |

Data cards are read in the following order beginning with the A polynomials
if any are present (Figure 6).

1. NA Number of A polynomlials which must be added.
Since there are no A polynomials here, NA = 0
and we now consider the 8 polynomial,

2. NP, KK Number of polynomials to be multiplied In B and
the number of constant factors respectively.
Here, NP w 2 and KK = |,

3. K1) Constant factors in B (other than 1.0). If no ;
constants are present, simply omit this data card. ;
4, N Order of the first polynomial to be multiplied In ' é
8. Sznce the first polynomial is fourth order, :
Nl = 4, :

5. POLY 1(1) Coefficients of the First polynomlal factor begin-
ning with the highest order "s" coefficlent. This
card reads: 1.0 -2,E0 2.0 ).EO ~-1.EO).

6. N2 Order of second polynomial factor In B, N2 = 2,

7. POLY 2(1) Coefficlents of the second polynomial. This card :
Is 1.60 0.E0 2.E0. ;

8. NA Number of C polynomials In the denomlinator. NA = 2.
9. NP, KK Refars to - Hare NP » 2 and KK = 0,

K(1) Since KK = 0, this card Is omltted.
0. W Ordar of flrst polynomial to be multiplled In C'. :
Nl = 2, i

11, POLY 1(1) Refers to ¢

ey




12. NZ Refers to C].

13. POLY 2(1) Refers to C].

4. NP, KK Refers to C,.

2
15-19, Refers to Cz.
20. NP, KK Here NP = 2 (includes the ¢ polynomial sum and the
D factors). KK = 0.
K(1) Since KK = 0, this card Is owitted.
21, N2 Order of the first D polynomial factor. POLY (1)

Is the sum of the C polynomials which Is stored In
the program. No cards are needed for POLY 1(})
following the addition of A or € polynomials. Here
the first D polynomial is second order, so N2 = 2.

22. POLY 2(1) Coefficlents of the first D polynomlal factors.
This card Is 1,E0 ~3.E0 1.EO.

Referring to the seeker block diagram it Is apparent that the trans-
fer function up to the platform rate output Is of the twelfth order. In
some cases It may be of Interest to monitor the tracking rate of the
plasform as well as Tts actua) position. For this reason a twelfth order
system polynomial was obtalned using thls program and the data cards in
Figure 7. Finally, It became desirable to reduce this rate portlon of
the systen to a second order approximation mode! for easler design mani-
pulation. The following program was used to this effect,

6.,  REDUCTION IN ORDER FOR A DIFFERENTIAL EQUATION

This program reduces the order of an nth order differential
squation by expanding Its s-plane poiynomlal Into a continued fractlon
and truncating certaln of Tus quotfants{!]. The remalnlng expansion
quotients ara then used to write ail the lower order polynomials beginning
with order n - 1.

The high order polynomial Is Inltially arranged In ascending order,
beglinning with the constant terms,

2
D &
Po +-.‘s + st L N Pms

Q + Qs + stz * ...t Q“s“

From this polynomial the program calculates and prints the 2n contlaued
fraction terms (s.9., a 12th order equation has 24 terms).

m

F(s) w
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F(s) =
1
H‘ +

H

2., !

s

Hy + !

H
M, |
s

To derive an approximation of order w, only the first 2w terms are
retained for a reversal of the expansion process which ylelds the lower
order polynomial. For a second order model of the twelfth order seeker
platform system, the first four continued fraction terms were saved

so tha:
F(s) = ‘
34,474 + !
-6.8275 , :
s
~3.057 + !
20.732
)

which produced
13.904s + 432,71
s2 + 415,965 + 14917.6

F(s) =

The program Is designed to print the terms of the original system
and all of Its lower order approximations In ascending order,

Data Is easlly read Into thls program as Flgure 9 demonstrates.
The only restriction Is that the d-nominator Is assumed to be one order
higher than tie aumerator for execution of the continued fraction process.
This conditlon is satisfled by the Introduction of 'dummy'' data terms.
For Instance the WFOV seeker platform polynomial has a 9th order numerator
and a 12th order denominator such that

Ty et
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9

P + P]s L Pgs
F(S) = ji'
G + s+ oo Qs

To make the numerator one order less than the denominator simply enter
zero for the numerator s!0 and sl coefficlents so that

9 10 11

P, + + ... + P_s + Os

Fls) = : ) 2 [ M \
Q0 + le el ¥ QIOS + Q‘os + Qlls + les

+ Os

2

Referring to Figure 9, data is entered for the seeker platform as
follows.

1. NN - number of terms In the numerator. NN = 12.

2. AQl) ... A(NN) - coefficlents of the numerator In ascending
order beginning with the constant term. Note that A(11)
and A(12) are dummy (zero) terms.

3. B(1) ... B(ND) - coefficlents of the denominator In ascending
order beginning with the constant term ND = NN + 1 (reference
line 19 of the Figure 8 program listing).

7. RESULTS

The thirteenth order mode! of the WFOV seeker ylelded an accurate
simulation of the seeker's time response to a 3° 1ine-of-sight error,
As expected, the model demonstrated a 3°/sec tracking rate with an Input
forcing function (SAMP) correction every 50 ms (Figure 10). The state
equation set up for the seeker Is given In Figure 2 as equations FX(1)

through FX(13), where FX(1) u %% , FX(2) = ﬂ,; , &tC.
dt

A polynomlal transfar function was then derived from the servo
block diagram and ts gliven as

p939 . paaa . p," . "6'6 + psls . phl~ . p’l, . s;:ni . p'|‘ * 0

1
Fls) = Y ) -
qnou . q“I" * Q) v, q"g N qale . Q," . qsns . qsss . %s" . q,:, . Qalz . q‘ol *q, '

10
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where

. -23
qy 1.265(10 “-)
qyp = 3.327(1071%)

= 2,084(107'%)

Y0

pg = 1.556(107'%) ag = 5.703(107'%)
pg = 3.360(107"") ag = 7.968(107)
p, = 8.450(1078) a, = 5.966(10)
pg = 7.229(107%) qg = 2.hh0(1073)
pg = 2.424(107?) a5 = 7.930(107")
p, = 4811 q, = 1.625(10%)
py = 5.802(10%) ay = 1.965(10%)
Py = 4.495(10%) a, = 1.493(10%)
p, = 1.909(10%) q = 6.1160107)
Py = 3.178(107) 9 = 1.085(10%)

The twelfth order polynomial represents the system up to the platform
rate output while the final %-Integrator provides the platform position
(reference Figures | and 2).

The twelfth order polynomial was reduced to the second order approxl|-
mation

F(s) - '3-9045 + l‘3207‘
s” + 415,965 + 14917.6

and Is shown In Figure 11 as part of a third ordar system model, The
state equations for Runge-Kutta Integration of thls system ara

P TIRS AIW e, I A  TLASI S s e

’

R e e R T e ¥ g . - S - - R R tian st T PR IR

I\l

S e e b <l ey e et




e i e e R A Y e 345 e Ay e e AT AY e b e st 1 "

FX(3) = SAMP - 415.96 X(3) - 14917.6 x(2)
FX(2) = x(3)

FX{1) = 13.904 X(3) + 432.71 x(2)

The third order approximation accurately demonstrated a 3°/sec
tracking rate, however its forced platform sweap generally remained
below a 3° position and was equal in magritude but 180° out of phase
from the higher order system (Figure 10).

The discrepancy between the two models was due to the slight lead
of the third order system. For instance at time t = 1.1 second the
platform positions of the thirteenth and third order systems wern
2.99992 and 3.00528 respectively. Consequently SAMP remained positive
for the first system but changed to a negative value for the latter
) system causing it to decrease in value. This out of phase relationship
' maintained itself throughout the entire forced switching mode.

Dispite the above-mentioned minor differences the lower order model
as a whole proved to be a sufficiently accurate representation of the
thirteenth order system. This confirms the validity of the continued !
fraction expansion process used in the fourth computer program to derive :
lower order systems,

A third order model provided by the seeker vendor (Figure 12) had a ,
slower 2.71°/sec tracking rate. However after the seeker platforin )
reached the 3° position at 1,1 seconds, its performance was very close )
to that of the thirteenth order system (Figure 10).

'Et‘ The state equations for this approximation are

FX(3) = 4011700 (SAMP ~ X(2)) - X(3))
FX(2) = X(3) + .026316 FX(3)
FX(1) = X(2) 5

. It should be noted that the state equatlions and state variables for the
vendor system are already given In units of degrees rather than In
radian measure which was used for the other two models.

The introduction of both constant and time-varying drift rates up
to 0.1°/sec peak value had little effect on the models' responses.
Greater drift rates, however, caused fallure of the SAMP forcing func-
tion for the 13th order mode! to switch signs at the end of every 50 ms
j interval (multiple pulsing) as well as a reduction In the tracklng
‘ speeds of that system. The vendor mode! was not adversely affected
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even with drift rates as large as 5°/sec. In actual system performance
H the seeker would be unable to cope with such large drifts, which Indi-
# cates the fallure of the vendor model to properly simulate internal
friction effects.

“ Drift was entered into the IBth order system by the state equation

5
FX(12) = %%77 (-.00858 X(12) - X(11) + X(2) + DRIFT)

and for the vendor model

FX(2) = X(3) + .026316 FX(3) + DRIFT

The iIn-house third order approximation was not considered for drifting

since Its response had so closely approached that of the thirteenth
order system.

8. CONCLUSIONS

A description of four computer programs for the simplification and
analysis of a discrete data tracking system has been presented. These pro-
grams are demonstrated via the solution of the step response of a laser
semi-active seeker. The programs are general and should require minor
modlfication for study of other seeker systems.
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SOLUTTON OF A DIFFERENTIAL EQUATION USING THE RUNGE=-KUTTA METHOD

IPPS = PULSE REPETITION RATE (PPS)
TSAM = SAMPLING PERIOD (SECONDS)

N = ORDER OF DIFFERENTIAL EQUATION

ALOS = ANGULAR LINE OF SIGHT ERROR (DEGREES)

TN = INTTIAL TIME (SEC)

H = RUNGE-KUTTA TIME [NCREMENT (SEC)

XN(1)+eoXNIN) = STATE VARIABLE INITIAL CONDITIONS (RADIANS)
FX(1)eaoFX(N) = STATE EQUATIONS (RADTANS)

OOO0OO0ONOOOO00,

DIMENSION XN(20) sX{20) 5Q(20920) 9F X (20} o ICOUNT (20) ¢ XN1(20) +Y{501+5)
68 FORMAT (22X96 (3HXN(31241H) 49X} yGHSAMP)
69 FORMAT(16X.1PTELS.6)
70 FORMAT(]HI])
81 FORMAT (21
83 FORMAT(SELS.7)
86 FORMAT(1H)1PEl4.5.1P7E15,6)
87 FORMAT (///7X«4HTIME «10Xe7 (3HXN(a1141H) 10X}
READ(5+811IPPS
READ(S«81 1IN
READ(5.83) ALOS
READ(5+83) TNyHs (XN(NN) yNN=]+N)
WRITE(7.70)
WRITE (7481) | PPS
WRITE(7.8]1) N
WRITE (786" ALOS
c CONVERT XN (RADIANS) TQ XN1 (DEGREES)
DO 85 1Q = 1N
55 XN1(1Q) = XN(]IQ) ¢57,2958
WRITE(7.86) TNaHs (XNIINN) yNN=LoN)
NCOUN=0
PPS=FLOAT L]1PPS)
TSAM=) ./ (PPSEH)
WRITE(7:86) TSAM
c DEFINE YHE INPUT FORCING FUNCTION
IFC ALUS = 57.,29589XN(1)} 802.802+801
802 SAMP = =2,0
GO TO 804
803 SAMP = 2.0
c WRITE THE HEADING AND INTYIAL CONOITIONS
DO 8B Tx=)eN
88 TCOUNTIIX)=1X
VRITE(T 87 LTCOUNTLLX) 1= 0T)
WRITE(7468) (ICOUNT(IX) ¢ IX=8413)
WRITEC(T486) TN (XNI {NN) 4NNzl 1)
WRITELTy69) (XMUINIL) oN1128013) «SAMP
c CLEAR THE STATE EQUATIONS
806 DO 5 M=I4N
S FX(N)=0.0
€C . SOLVE TME DIFFERENTIAL EQUATION
C THIS LOADS THE INIYIAL CONDITIONS InNTO THE Y DATA ARRAY
Yileld 210, 9N ()
YE1eP)2SAMP
Y{1,3)=x(3)+.Sasanp

é FIGURE 3. LISTING OF THE RUNGE-KUTTA SOLUTION OF THE
: THIRTEENTH ORDER MISSILE SEEKER SYSTEM
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t. RUN PROGRAM UNTIL TIME TN = HeKKeKw SECONDS
DO 201 KK=14400
c PROGRAM PRINTS EVERY TIME .TN = HeKW SECONDS
D0 200 KW=1+100
1 L=1
T=TN
C SET STATE VARIALBES EQUAL TO THEIR ITERATIOM VALUES
DO 777 K=14N
TT7 X{K)=XN(K})
GO YO 101
10 DO 151 K=14N
181 Q(KyL)=HaF X (K)
T=TN+H/2.
DO 252 K=1yN
252 X(K)SAN(K) +Q(KeL) /2
L=2
- 60 Y0 101
20 00 251 K=z=l«N
251 Q(K4L)=HEFX(K)
T=TN+H/2,
DQ 252 K=14N
352 X(K)=XN(K)+Q(KeL)/2,.
L=3
GO 1O 101
30 00 351 K=1.N
35] QUKL )I=HBFX(K)
T=TN+H
DO 452 K=)yN
452 X(K)=XN(K) QKL )
tL=4
G0 10 10)
40 DO 45) K= 4N
451 QiR L)IzHOFX(K)
60 10 7
C STATE EQUATIONS FOLLOW
10) FX(1=(=X(13)+58MP) /0006
FX{12)2]oE973e770(=8.58E=39X{12)=%(}]1)eX(P)}
FXellr=xtle)
FXC10)=1.E873.86270(=T,755E~00x()10)=X(9)+,9v1,207,980x()]))
FX(9)=x(10) .
FY{81=2]1.€3/] 4050 1=X{B8)+40IE=BLFRI10) 21, 205E-60FX(G) X (D))
FXUTIZ14E7/72445020 (=5 402TE=39%(7)=X(6)~1.62K(8)*,40X(]3})
Fate) =Xt
FXLG' 2 ha€3/9.,929 (=X (G) o7 TE=GUFX(T)e8,52E=J9F R () e X (6))
FRla)==X14)eX(5) 0], 78hE20F X(51)72.9
FXUDN 22,90 0=X13) 06, I2E40 (= 0550R8(2) ¢),52094,000X(4) 2, V9E-20F %
L{a)r )
FX{2Y2X(3)2), 0880
Fail)=x(2)
GO YO (10920930440) oL
7 TN=TNeH
HO 4§ Kz N
O ENIKIAN(K) 2 (QIKe1) 0249Q(K92) 22,%Q(Ky3) ¢QiKe&)) 20,

FIGURE 3. LISTING OF THE RUNGE-KUTTA SOLUTION OF THE
THIRTEENTH ORDER NISSILE SEEKER SYSTEM (Continued)
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I
”/'."
SAMP=0,
210 IF (NCOUN .LT., 500) GO TO 200
JF( ALOS = 57,2958¢XN(1)) 9029024903
902 SAMp = -2.0
NCOUN=(
GO TO 200
' 903 SAMP = 2,0
NCOUN = 0
200 CONTINUE
c CONVERT XN (RADIANS) TO XNl (DEGREES)
D0 503 1Q = 1,N )
503 XNI(IQ) = XN(1Q) #57,2958
C PRINT THE FINAL SOLUTION OF THE STATE VARIABLES
WRITE(7+86) TNy (XN {NN) sNN=147)
WRITE(7969) (XNLIN11)yNL11=8y17) ¢ SAMP
c THIS SCALES THE INPUT DATA ARRAY FOR THE PLOT ROUTINE
Y(KK+1y1) =)0 0XNL())
Y(KK+1,2)3SAMP
Y (KK+1,3)uGUiD
201 CONTINUE
K=2
NF=401
NS=50
WRITE(7,70)
CALL PLOT(Y,N,NF,NS)
STOP
END
|
{
i
|
.|
FIGURE 3. LISTING OF THE RUNGE~KDTTA SOLUTION OF TNE
i THIRTEENTH ORDER MISSILE SEEKER SYSTEN {Continued)
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cConoEnNo

R By e

99

101

103
105

104
106

110
115

120
125
130

135

140
145

150

169
169

163

SUBROUTINE PLOT (YeMaNF «NS)

Y = ARRAY OF DATA TO BE PLOTTED, wWHICH IS READ IN THE FORM
Y(],l) sen Y(NF?l)’ V(ln?) eee Y(NF’Z) XX Y(loM) eue Y (NFoM)

M = NUMBER QFf PLOTS :

Nt = NUMBER OF PLOTTED POINTS ALONG ABSCISSAs BEGINNING WITH THE
INITIAL CONDITIONS AT TIME T = 0

NS = MAXIMUM UPPER LIMIT OF ORDINATE (ROUTINE PLOTS FROM NS-100 TO NS)

DIMENSION Y(S0T1+5)«LINECIO1) oL (11} 9JLU(S)
DATA JLE1) yJL(2) 9JL{3) gdL (&) s JL(5)/71HA IHBy IHCy IHOTHF /¢ UNy JP s J1,
JJBUANKJZ/7 H-y LH+ 4 1HL 4 1H 4 1HS$/

DO 99 [=1,101

LINE (1) =JBLANK

NN=0

N=1

LABEL THE ORDINATE AX1S

DO 10} 1=1411
LIIY=(10#]~-110+NS) /710

IF (M~2) 103.1044104

WRITE(74105) (L(1Y«]=1y11)

FORMAT (2K311(J4y6X) 41X 46HY (Ny1))
GO TO 115 )

WRITE(7+106) (L{D)s1s1el)

FORMAT (2K31101496X)stR36HY(Ng]1) 97X s6HY INg2))
60 10 115

IF (NN=10) 12541154115

ND=0

NN=0

00 120 1=1410

ND=ND+}

LINE (ND) =JP

00 120 J=149

NO=ND*

LINE (ND)=JN

LINECJOLY=JP

6O YO0 138

00 130 1=14101»910

LINC D) = J1t .
CHANGE NUMERICAL DATA 10 LETIERS
ANSeNS

JATY (Ny 11 010) 49999 =XNS

TF tJA=101) 16041554145

£ (JA) 15041904195

LINELIO)) =02

G0 YO 160

LiINEtV)=d2

GU 10 1s0

LINE (JA =gl t )

CONTY INUE

THIS RESCALES Y(Nyl)oYiINe?) TO ORIGINAL vaLUES
YiNg I ING) 210,

NCztN=1 )} 210

18 (M4=2) 1631734173

TFANN) 16521654175

FIGURE 4. LISTING OF THE PLOYTER PACKAGE
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165 WRITE(7¢166) NCeLINE«Y (N1}
166 FORMAT(14+1X«101A141PEL3.S) .
GO YO 185 C
170 WRITE(74171) LINEsY(Ne1)
171 FORMAT(SXy101AL«IPELIS)
i G0 TO 185
173 IF INN) 17541754180
175 WRITE (7,176} NCLLINEyY(Ny1}eY(Ne2)
176 FORMAT({IG+I1Xe101A)«1PCELI )
GO TO 185
180 WRITE(7+4181) LINEyYINy1)aY(Ne2)
181 FORMAT(SX.10)1A]1+1P2E]13,.5})
185 DO 190 T=1,4101
190 LINE(])=JBLANK
NN=NN+ 1
196 NoiNel
IF IN=NF) 11641104200
200 RETURN
END

FIGURE 4. LISTING OF THE PLOTTER PACKAGE (Continued)
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THIS PROGRAM SOLVES COMPOUND SERVC SYSTEM PQLYNOMIALS GF THE FORM
(Al + A2 + ... + AM}(B)
{C1 + C2 + ous ¢+ CNI(DY
WHERE Aly A2y ooo AMy By Cle eoa CNy D ARE PROGUCTS OF POLYNQMIALS
AND ANY CONSTANT FACTORS,
THE PROGRAM FIRST SOLVES THE A" POLYNOMIALSs ADDS THEM, THEN
MULTIPLIES THEiR SUM TIMES THE «B' POLYNOMIAL PRODUCT.
THE PROCESS IS REPEATED FQR THE DENOMINATOR

NA = NUMBER OF “A" OR “C" POLYNOMIAL PRODUCTS TO BE ADDED
NP = NUMBER OF POLYNOMIALS TO BE MULTIPLIED

KK = NUMBER ©F CONSTANT FACTORS

N1 = ORDER OF FIRST POLYNOMIAL

N2 = ORDER OF SECONO AND SUCCEEDING POLYNOMIALS

DATA 1S5 READ IN AS CONSTANT COEFFICIENTS K(1}3K(2)y ETC, WHICH ARE
FACTORED QUTSIDE OF THE POLYNOMIALS.

THEN AS (NL+1)- COEFFICIENTS OF THE FIRST POLYNOMIAL BEGINNING WITH
THE HIGHEST ORDER “S" COEFFICIENT.

COEFFICLENTS OF SECOND OR SUCCEEDING PULYNOMIALS BEGINNING WITH

THE HIGHEST ORDER n§% COEFFICIENT.

FINAL POLYNOMIAL IS PRINTED LISTING DEGREE OF § AND 1T1S COEFFICIENT

OO INDITINTINNINDIDODTDY

DIMENSTON A{20920)3POLY](20) 4POLY2(20)sP{20..0.1T(20)
REAL KP4K(20)

1 SORMAT(213) ;
2 FORMAT (1P8E10Q.3) ;
3 FORMAT(SH $##¢1342X+1PE16.6)
& FORMAT(19H POLYNOMIAL NUMBI'R,I13+8H FOLLOWS)
S FORMAT(}SH PRODUCT NUMBERL348H FOLLOWS)
6 FORMAT(18H CONSTANTS FOLLOW)
7 FORMAT(38H POLYNOMIAL NUMBER ) TIMES CONSTANTS)
8 FOKMAT(//36H FINAL PO'.YNOMTAL NUMFRATOR FGLLOWS)
9 FORMAT(//38H FINAL POLYNOMIAL DENOMINATOR FOLLOWS)
10 FORMAT (1HD)
DO 300 JJJ=1s2
READ(54]) NA
DU 20 i=1420 '
DO 20 J=1420 1
20 P(legr=0. §
NB=0 i

1F(NA.EQ-0) NA=]
30 DO 100 Jd=z1NA
READ(59]1) NP KK '
IPOLY=]
S ES )
{F(KK.EQ.0) GO TQ 50
READ(542) (K(1)e1=14KK)
WRITE (6+6)
DO 40 I=)eKK
K zKpPoK (1)
40 WRITE(6s2) K1) ?
50 IF(NB,EQ.1} GO TD S5 .

FIGURE 5, THE POLYNOMIAL SIMPLIFICATION PROGRAM !
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READ(5+1) NI
NPAl=N1+]
READ(5+2) (POLYI(I)yI=14NPA}Y)

55 WRITE(6s4) 1POLY
00 60 I=1.NPAL
10=NPA)~T

60 WRITE(64+43) T0«POLYY(I)
WRITE(647)

70 DG 80 I=14NPAIL
ID=NPAL-1
POLY) (1) =KP=POLYY (])

30 WRITE(643) 1D,POLYL(])
ISuB=NP-]
DO 100 J=]l.15uUB
READ(S41) N2
NPAZ2=N2+1
READ(S5+2) (POLYZ(]) «I=]1+NPA2)
1POLY=[POLY+]
WRITE (634) IPOLY
DO 90 I=1.NPA2
ID=NPA2-1

90 WRITE(6+3) 1D,POLYRID)
CALL POLSET (NPAI«NPA2sA+POLYLPOLY2)
1T(JJ)=NPAL
1PROD=TPOLY-1
WRITE (645) IPROD
D0 100 I=)1+NPAI]
1D=NPAl-1
PIID+ 12 JJY=POLYL D)

100 WRITE(6e3) I0sPOLYII(])
TFINA.CQ.1) GO TO 200
CALL POLADD (NAWP«[T+POLYL«NPAL)
NA=)
NB=1
60 TO 30

200 IF(JJU.EQ.2) GO YO 210
WRITE (6+8)
GO 10 220

210 WRITE(6+9)

220 00 230 I=].NPAL
10=NPA]~]

230 WRITF(6+43) 1DyPOLYLII])
WRITE(610)

300 CONTINUE
STOP
END

" SUBROUTINE POLSET (N1,N2vA,POL1/POL2)
DIMENSION A(20+20),POLL(20)+POL2(20)
NN=NDoN2=) '

00 1) 1=leN2

DO 1) J=)eNN
11 AtJy1¥=0,0

DO 21 I=1,yNI

J=]

DO 21 Kzl,N2

AtJdyK)2POLY D)
2} J=Jde)

FIGURE 5. THE POLYNOMIAL SIMPLIFICATION PROGRAM (Continued)
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DO 31 I=1sNN

POL1(I)=0.0

DO 41 I=1sNN

DO 4) K=13N2
POLI(IY=POLI (D) +A(T oK) #POL2(K)
N1=NN

RETURN

END

SUBROUTINE POLADD INAsP+ITyADD» JCOUNT)
DIMENSION P({20520)41T7(20)4,ADD(20)
LCOUNT=IT (1)

DO 12 I=2yNA

JF(ICOUNT.GE.IT(1})) 60 TO 12
ICOUNT=IT (D)

CONTINUE

D0 22 1=1+20

ADD(I)=0.

DO 32 1=1,1COUNT

10=ICOUNT=]+1

00 32 J=1yNA
ADD(ID)I=ADD(IDY+P (]l e J)

RETURN

END
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FIGURE 5. THE POLYNOMIAL SIMPLIFICATION FROGRAM (Continued)
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4
; 0 NR » ves)
7 6 NP) KK ( “i 3 “\)
1,E0 Nl1.5250 9.4E0 1.EL 5.56E5 4.€-1  aonsTants K(T)
2
7.700€~5 8.520€~3 1E0 Peyd
1 e
1.785E=~2 1.60 Pu\.\g 2
1 .
2.330E"2 1.50 A
] L}
1.050E~3 1.E0 ' (B ) NUMERRTOR
1 ]
7.220E~4 1.E0 '
] ]
5.350E~5 1.EO '
a 1]
3.7706~5 8,580£-3 L.E0 )
3 N » (¢, Cx, -
1 2 NB, R )
8,860 ).080€4 coNSTARTS W(T) » KO, WD)
1 Ny
4,E~4 1.E0 Powy 4
1 NZ
1.€0 0.E0 Poy 2
1
4.93E~3 1.E0 ' DENOM .
1 L]
4.97€~6  1.E0 . ENOMINRTOR ’
1
S.92E-3 1.€0 . :
} * ‘
2.5€0 1.£0 ' (C‘\’ ,
l [ ]
‘- OSE'3 ) oEO .
] ]
7.226-4 1.0 .
1 ]
5'355“5 l OEO ¢
2 ! :
. 3. 776-5  B,58E-3 1,E0 ’ ;
¢ 9 P, XY f
1.0 1.52E0 9.40E0 1.1 7,98E0 1. 2E0 9,E-1 1.6E0 :
5 5.56E5 " CONSTYRNTE K (L) » KD 10v (D)
. T.T06=5  8452E~3 LEO Pay L
§ Loreseez L ' (c ) ‘
B . - . A R
: \ \ "y 2 2
; 2.33€-2 o0 . f’
g 2 ' ]
# 4,0JE-8 1.205€-6 1.E0 ! !
fi i
_ j‘
1
3
‘i!
FIGURE 7. DATA FOR SIMPLIFICATION OF THE TWELFTH ORDER POLYNOMIAL %
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8 2 NP, KK

5.56E5 5.5E-2 CONMTRNTS KT} = K(D), K(2)
1 N}

4.93E-3 1.E0 Poly ¢
1 N2

4,97E-4 l.€0 Poly 2

L]
5.926-3 1.EQ '
l [}
2.5E0 1.E0 ' (
[} C. 3\
1.05€-3 1.E0 '
1 [
7.226-4 1.E0 N
1 ]
5.35E-5 1.E0 '
a [}
3:.77E-5 _ 8.58E-3 1,E0 '
f [} t:‘:, KK = (CQC v )b = NPx 2
6.€-3 1.E0 POy 2 (D)
Powy Le (&8¢, 4¢y)

FIGURE 7. DATA FOR SIMPLIFICATION OF THE TWELFTH ORDER POLYNOMIAL
(Continued)
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FIGURE 8,

CONTINUED FRACTION EXPANSTON AND REDUCTION IN ORDER OF AN N~TH ORDER
TRANSFER FUNCTION

NN = TOTAL NUMBER OF TERMS IN THE NUMERATOR

AllYeos AINNY = THE COEFFICIENTS OF THE NUMERATOR BEGINNING WITH
THE CONSTANT TERM AND INCREASING IN ORDER

ND = TOTAL NUMBER OF TERMS IN THE DENOMINATOR

B(1)es B(ND) = THE COEFF(CIENTS OF THE DENOMINATOR BEGINNING WITH
THE CONSTANT TERM AND INCREASING [N ORDER

FINAL REDUCED ORDER TRANSFER FUNCTIONS ARE PRINTED A3
A0 + Al®S + A20S+u2 & AJ#SH#3 .., + AMESH2M

- - - - - S f T T Ve S -

By 4 Bl#S + B2#S#e2 + BI#SH®F v.., + BNuSHUN

DIMENSION A(200)«B(200)H(200)
READ(5+500) NN
S00 FORMAT(LS)
ND=NN+] '
READ(54501) (A(I)41=1«NN)
READ(5+501) (B(I)el=1eND)
501 FORMAT (4E20.6)
L=0
2 L=L+1
HtL =B(1)/7Aa(1)
WRITE (6+4604) LyH(L) )
604 FORMAT(/2X+2HN(9]243H) =41PE16.6)
A(ND):OO
ND=ND«}
DO 10 I=]14ND
B(IN'=AL(])
11=]+1
10 AT =B(LD)=AL]])*H(L)
1 L=tel
HILY=B(]) /AL
WRITE(6:604) LyHIL)
IF(ND.EQ.1} GO TO 3
ND=*ND=)
00 20 I=]«ND
BtIYy=A(D)
I1=1+]
20 AtD =B{IL)=A(T1) *H(L)
ND=ND+}
BINDY=A(ND)
GO TO 2
3 MM=29NN
CALL MRML (MM4H)
- STOR
g END

LISTING OF THE TRANSFER FUNCTION ORDER REDUCTION PROGRAM
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c0
21

30
2e

40

23

S0
10

SUBRULUTINE MRML (NeH)

DIMENSION HR(30430) 9TR(30030)sT(30430)4D(30)+TL(30430)+C(30)+H(30)

DO 1 I = 1N

DO 1 J = 1N
HR(14J) = 0.

CO 10 J=leN

DO 20 L=1l+J

HR(LsL) = H(Je1=L)
IF(L.EQ.N} GO TO 22
TF(J+1-L.EQ.1) GO TO 21
HR(L.L+l) = 1.
Ji=Jd+1

D0 30 I=JlsN

HR{T«]) = 1.
IF{J.G6T.1) GO TO 23
DO 40 11 = 14N

DO 40 Jl = 1lsN
T(I1+J!) = HR(I1eJ1}
HR(I1sJ1) = 0,

GO TO 10

CALL MALTP (NyN4HRyN«T«TR)
= N

DO 50 J1 = 1N

TlleJ) = TR(I1J1?

HR(11eJ1) = 0.

CONTINUE

DO 110 J=1sN

D0 120 L=1,4J

IF(J.EQ.1Y GO TO 121

HR(LsL) = H{Js1=L)

IF(Je1-L.EQ.2)G0 TO 121

RTINS

S Jen s

120 HR(LyL+1) = 1,
121 DO 130 I=JUs«N
130 HR(I+1) = 1. i
1IF(J.GT.1) GO TO 123 !
DO 140 11 = 14N i
D0 140 J1 = 14N i
T(I1eJ1) = HR(I1:JD) 3“
140 HR(IYeJ1) = 0, i
60 10 110 :
123 CALL MALTP (NyNyHRyNyTyTL) ;
DU 150 11 = 14N {
D0 150 J1 = 14N :
TiI19d1) = TLUT1aJL) }
1§50 HR(I1eJ1) = 0. i
110 CONTINUF :
D0 200 I=1yN+2 ;
L=0 ;
_ DO 210 JalsN |
; L= Lol i
: DILY = TR(Lled) |
; 210 C(L) = TL(1+J) !
; NT =(N=T+1)/2+] 'i
i' CALL ISE(NTI«DsC)
; 200 CONTINUE |
: RETURN ?
! END |
1 ;
s FIGURE 8. LISTING OF THE TRANSFER FUNCTION ORDER REDUCTION PROGRAM {
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SUBROUTINE MALTP(N¢MeAsL+84C)
DIMENSION A(30430)9B(30430)+C(30+30)
! 5 DO 10 I=1,N
| ' DO 10 J=1,L
S=000
D0 10 K=14M
S=S+A(]1+K)#B(KeJ)
10 C(IsN)=8
RETURN
END

SUBROUTINE ISE (N+D<C)
DIMENSTON A(30)4B(30)¢C(30)«D(30)+6(60)¢DD(30+30)
10N(30430) 4 T(3430) +F(30,30)

600 FORMAT(////77)

601 FORMAT (1HU,1PBE15.6) :

602 FORMAT (1HO9122H ==mmmmmmm e e e e ccc e

N1=N+]

WRITE(6+600)

WRITE(64601) (C(I)eI=1eN)
20 WRITE(6+602) :

WRITE(6+60L) (D(I)eI=]¢N1)

NX=N

DO 50 [=142

DO 51 J=1iN

NJz=NX=2#(J=-1)

IF{NJLLE.O) Tiled) = 0,
Sl TFINJGT.0) TH{I¢J)=DIND)
S0 NX=N+1}

DO 60 I=]4N

00 80 J=]yN

DD(1!J):OQ
60 DN(1.01=0,

L=0

LL=0

LJ=1

DO 70 I=]l4N

L=le}

IF(LEQeI) LJslJel

IF(L.EQ.3) L=}

DO 71 JUsLJeN

LL=Ll+}

DDULa =T (LLL)
71 ON(Te.)=THLaLL)
70 LL=0

N2=24N

DO 80 I=leN2 .
80 G(1V=0,

L=0

LL=0
: A DO 81 I=14N
i = D0 82 J=14N

L=iled
e 82 GILI=CIJI (=) )0a(Je])uC(]) ¢G(L)
81 LLsLL+)
FIGURE 8. LISTING OF THE TRANSFER FUNCTION ORDER REDUCTION PROGRAM
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DO 90 J=1,4N
JJz2% (N=J) +]
90 DN{1leD)=G({JJ)
CALL INVER{DN¢N<F+O«DETN)
CALL INVER(DO4N+F+O«DETD)
XI=(=1,)2#(N=1)7(2.4D(N1})#DETN/DETD
RETURN
END

SUBROUTINE INVER (A4NyB«MDET)
DIMENSION A(30+30)4B(3030)«IPVOT(30) «INDEX(30+3)«PIVOT(30)
EQUIVALENCE (IROWs JROW) s (1COL «JCOL)
57 DET=1.0
DO 17 J=14N
17 IPVOT(J) =0
DO 135 Il=1N
T=0.0
DO 9 J=I4N
IF(IPVOT(J)=1) 139413
13 DO 23 K=1yN
JFLIPVOT(K) =11 43423481
43 IF(ABS(T)-ABS(A(J.K))) 83923423
83 IROW=J
ICOL=K
T=zA(J4K)
23 CONTINUE
9 CONTINUE
TPVOT(TICOL)Y=IPVOT(ICOL) )
IF(IROW-ICOL) 7341094723
T3 DET==DET
DO 12 L=1sN
T=A(IROWyL)
ACIROWL)=A(TCOL L)
12 ACICOL.L)=T
IF(M) 109,109.33
33 DO 2 L=1M
T=B({]ROWyL)
BITROWL)=B(1COL L)
2 BLICOL LY=T
109 INDEX(Iys1)=]IRQW
INDEX (f42)=1C0L
PIVOT(I)=A(ICOLICOL)
DET=DET¢PIVOT (1)
ACICOLICOLY=1,
00 205 t.=]1N :
205 A‘ICOL'L)"A(ICOLQL)IPIVOT(I)
TF (M) 3474347466
66 DO 52 L=l M
52 Bf!COL'L)“B(ICOLOL)/PIVQT(I)
367 DO 134 LI=1eN
TF(LI=ICOL) 214134421
21 T=A(LT«ICOL)
AtLIvICOL) =0,
DO 89 L=14N
89 A(LI«LI=AILEYL)=ACLICOL L) T
IFI(N) 1344134418

FIGURE 8. LISTING OF THE TRANSFER FUNCTION ORDER REDUCTION PROGRAM
(Continued)
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18 DO 68 L=lem
. 68 B(LI+L)=BILI+L)-B(ICOLL)*=T
134 CONTINUE
135 CONTINUE
222 DO 3 I=14N
L=N=-1¢1
IFCINDEX(L«1)~INDEX{L+2)) 1943419
19 JROW = INDEX(Lsl)
JCOL = INDEX(L2)
D0 549 K = 14N
T = Ay JROW)
AtKyJRUW) = A(K,y.JCOL)
Ak, JdcoL) = T
549 CONTINUE
3 CONTINUE
81 RETURN
END

LISTING OF THE TRANSFER FUNCTION ORDER REDUCTION PROGRAM
(Continued)
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